Introduction
Materials with liquid crystalline properties have found various applications ranging from the manufacturing of LCD to different molecular sensors and detectors, optical switches, spatial light modulator, etc. 1 Introduction of metal ions adds unique magnetic, optical and electric properties to the mesophase besides an interesting structural role when compare to purely organic liquid crystals. 2 Light-emitting metallomesogens were intensively studied in the past years. 3 Mesomorphic materials based on cyclometalated Pd(II) and Pt(II) complexes are of great interest due to various choices for tuning the mesogenic properties of such compounds, as well as other physico-chemical properties such are their promising luminescent properties. It is worth to mention here that room-temperature emissive Pd(II) complexes are much rarer compared to their Pt(II) analogues due to the presence of low-lying metal-centered excited states which leads to a strong tendency of nonradiative deactivation.
So far, the different mesomorphic behaviour and, in some cases, the emission properties of Pt(II) metallomesogens have been reported by several groups, 4 including both monoand dinuclear compounds. The majority of these reported complexes have one cyclometalated ligand derived from the 2-ppy unit and an auxiliary acetylacetonate derivative, and only few are based on imine compounds.
We would like to show that comparable emission properties can be achieved in simpler Pt(II) systems when the mesomorphic properties could be controlled easier by a variety of options to modify the chemical structure around the Pt atom. Moreover, careful design can lead to lower transition temperatures preventing chemical decomposition and stability of the mesophases near room temperature affording the study of emission properties in the liquid crystalline phase. These complexes are based on cyclometalated imine ligands and N-benzoylthiourea (BTU) derivatives as auxiliary ligands. Recently, we have started to investigate the influence of the alkoxy-substituted BTU derivatives on the thermal behaviour of square-planar Pd(II) and Pt(II) cyclometalated complexes as well as their emissive properties. 5 Such BTU derivatives proved to be very good chelating ligands that posses two very strong donor groups (carbonyl and thioamide), giving rise to neutral metal complexes with S,O-coordination. 6 We have shown previously that the use of simple N-benzoyl thiourea derivatives as co-ligands together with the ortho-metalated imine fragment destabilize the mesogenic behavior of these complexes and monotropic nematic or smectic A phases were observed. 7 By proper design of alkoxy-substituted BTU derivatives it is possible to obtain different types of liquid crystals and several studies dealing with purely organic liquid crystals based on N-benzoylthiourea moiety were reported. 8 In this work we present our results concerning the use of branchedalkoxy-substituted BTU derivatives as co-ligands to generate mononuclear Pd(II) and Pt(II) cyclometalated complexes with Schiff bases. It is well known that branching of the terminal alkoxy chains has a significant influence on the mesomorphic behavior of a liquid crystalline material.
Apart from the possibility to introduce chirality in the molecule, the effect of the branch in the terminal chain is to reduce considerably the melting points and thus the liquid crystal phase stability. Moreover, by introduction of branched terminal chains in the molecule, significant changes of both transition temperatures and mesophase type of the material could be seen. 9 Materials displaying the smectic C phase and, in particular the chiral phase SmC*, were widely studied because of the big technological potential in fast-switching displays and other optoelectronic devices. For this reason we were interested to study the potential influence of terminal alkyloxy chain branching on thermal stability of the smectic C phase of these complexes and we could successfully prepared a Pd(II) complex with SmC phase stable up to room temperature. Also, the photophysical properties of the Pt(II) complexes were investigated.
Results and Discussion
The preparation of mononuclear Pt(II) and Pd(II) complexes along with the numbering scheme is presented in Fig 1. All the new products were characterized by elemental analysis, IR, 1 H and 13 C NMR spectroscopy while the liquid crystal properties were investigated by a combination of differential scaning calorimetry (DSC), polarizing optical microscopy (POM) and powder X-ray difraction.
The structure of the new cyclometalated mononuclear complexes can be confirmed readily by IR and 1 H-NMR spectroscopy when the coordination of the N-benzoylthiourea derivatives in the deprotonated form was confirmed by the disappearence of ν NH (~3300 cm -1 ) and ν C=O (~1670 cm -1 ) frequencies (compare to the IR spectra of free ligands) together with a shift of ν C-N frequency towards lower wavenumbers. This suggests the absence of NH hydrogen located between carbonyl and thiocarbonyl groups of the benzoyl thioureic moiety. This coordination mode is also supported by 1 H-NMR spectroscopy. We have started our study with the synthesis of Pd(II) compounds and then extended to Pt(II) as it is well known that the synthesis of the latter compounds proceeds in low yields. These products were used in the next step without further purification. The preparation of mononuclear ortho-platinated complexes 3a-c and 4 was carried out by ligand exchange reaction of the chloro-bridged dinuclear platinum complexes using the corresponding BTU derivative in the presence of potassium carbonate. The new, mononuclear Pt(II) complexes were obtained in moderate-to-good yields as orange-red, microcrystalline solids. Despite the BTU derivative being unsymmetric, the final products (3a-c and 4) were found to contain only one of the two possible syn and anti isomers with respect to the positions of sulfur atom of the BTU ligand and nitrogen atom of the metallated Schiff base, most probably the anti isomer. This assumption is made on the previously reported results regarding the X-ray crystal structures of related compounds. 
11
Crystal structure description The attempts to prepare single-crystals of Pt(II) and Pd(II) complexes with branched alkyl-substituted BTU derivatives failed. To confirm the formation of such mononuclear complexes with BTU derivatives as co-ligands we prepared the Pt(II) complex with N-(p-F-phenyl)-N'-benzoylthiourea. Indeed, slow crystallization from a mixture of acetone and methanol afforded red crystals that were subjected to X-ray investigation.
The crystallographic data are presented in Table 1 along with selected bond distances and angles in Table 2 . The molecular structure of 4 is shown in Figure 1 . Complex 4 crystallized in the monoclinic crystal system, space group P21/n, with four discrete molecules in the unit cell. The crystals structure shows the platinum atom surrounded by one sulfur atom and one oxygen atom of the N-benzoylthiourea co-ligand, one aromatic carbon atom (metallated phenyl ring) and one nitrogen atom (imine group) belonging to the Schiff base, in an approximately square-planar arrangement with the sulfur atom located trans to the nitrogen atom of the imine group. (17) 2.0786 (13) 2.2322 (5) 1.415 (3) 1.333 (2) 1.339 (3) 1.266 (2) 1.733 (2) 1.498 (3) 1.297 (3) 80.44 (7) 92.62 (6) 93.33 (4) 93.65 (6) The corresponding chelate ring around Pt centre is essentially planar with the central atom showing no deviation from this mean plane. However, while the metallated phenyl ring is almost coplanar with respect to the mean plane, the unmetallated ring of the imine ligand is twisted by 75.1º with respect to the core plane, as it was previously found for similar orthometallated Pt(II) complexes. We found the Pt-C and Pt-N bond lengths 
Liquid crystals properties
The liquid crystalline properties of palladium and platinum complexes were investigated by a combination of hot stage polarising optical microscopy (POM), differential scanning calorimetry (DSC) and powder X-ray diffraction. The thermal data are presented in Table   3 . The assignment of liquid crystals phases was done based on their optical texture and X-ray measurements.
17
For instance, the SmA phase was assigned based on its characteristic focal fan shape texture with several homeotropic regions when developed from the isotropic state. The SmC phase was assigned based on its broken fan shape texture which was developed either from the isotropic state or from a previously existing Values taken from the second heating cycle Three consecutive heating-cooling cycles were recorded for these complexes. The transition temperatures recorded both on heating and cooling the samples are slightly shifted on going from one cycle to the next one. This observation could indicate a partial decomposition of the products. For this reason we undertook a TG study of these products and the decomposition curves are presented in Figure S1 (ESI). These products show an weight loss of approximately 5% around 150°C slightly above the clearing points, and this poorer thermal stability could be responsible for shifting the transition temperatures recorded by DSC. All the phases assignment done by POM were confirmed by X-ray studies. Powder XRay diffraction studies were performed on cooling the samples from the isotropic liquid to the mesophase. The X-ray patterns for all Pd(II) and Pt(II) compounds show two or three signals in the low angle region equally spaced in the 1:2:3 ratio assigned to d 001 , d 002 and d 003 that is typical for a lamellar structure. This observation indicates a layer structure, whereby the interlayer spacing is comparable to the molecule length obtained by molecular modeling in all-trans conformation.
Along with these reflections, a broad peak around 4.6 Å corresponding to the molten state of the chains was also observed in the X-ray pattern of all complexes with the exception of complex 1a. As this complex crystallizes rapidly on cooling, we were able to record only the X-ray diffractogram of the crystalline state (see Table 4 ). In addition, several samples were subject to variable temperature X-ray analysis to clearly establish the nature of the smectic phase. For instance, 3a showed a pronounced decrease of the layer thickness given by the measured d-spacing on cooling the sample from 100 to 70°C, typical for the tilted SmC phase ( Table 1 ESI) . Generally, on cooling further, the X-ray powder pattern shows typical signals assigned to both liquid crystalline and crystalline phases, and one example, for complex 2b, is shown in Figure 5 (a).
The d-spacing for Pt(II) complexes, all show a significant lower values when compare to
Pd(II) analogues probably due to a higher tilt angles combined with some more pronounced interdigitation of alkyl chains.
Photophysical properties
The photophysical properties of Pt(II) complexes in solid state, solution in dichloromethane and PMMA films have been investigated and the results are summarized in Table 5 . All six Pd(II) complexes show no emission at room temperature and this is not surprising as it is known that emissive Pd(II) complexes at room temperature are much rarer when compare to Pt(II) complexes.
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The UV-VIS absorption spectra of Pt(II) complexes recorded in CH 2 Cl 2 feature two highly intense absorption bands at around λ max 290 (ε > 16.9 × 10 
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On the other hand, the Pt(II) complexes display less intense broad emission in PMMA films (10% wt.) around λ max =650 nm for complexes 3a-c and λ max =627 nm for complex 4, when recorded at room-temperature. To get further information regarding the relationship between the emission properties and morphology, we investigated the luminescence spectra of complex 4 in crystalline state and in liquid crystalline phase after heating above the isotropic temperature and cooling down to room temperature, taking advantage of mesophase stability at room temperature ( Figure 7 ). We didn't notice any shift in the emission position on going from crystalline state to liquid crystal phase and to isotropic, except a normal decrease of the emission intensity with increasing the sample temperature. Thus, it is difficult to make any assumption regarding a possible aggregation or excimer contribution emission due to self-assembled structure of the liquid crystalline phase as reported in other liquidcrystalline Pt(II) complexes. 
Experimental:
All the chemicals were used as supplied. C, H, N analyses were carried out with a Perkin
Elmer instrument. IR spectra were recorded on a Bruker spectrophotometer using ATR technique. UV-VIS absorption spectra were recorded by using a Jasco V-660 spectrophotometer.
H and 13
C NMR spectra were recorded on a Varian Gemini 300 BB spectrometer operating at 300 MHz, using CDCl 3 as solvent.
1
H chemical shifts were referenced to the solvent peak position, δ 7.26 ppm. The phase assignments and corresponding transition temperatures for the palladium(II) complexes were determined by polarizing optical light microscopy (POM) using a Nikon 50iPol microscope equipped with a Linkam THMS600 hot stage and TMS94 control processor. Temperatures and enthalpies of transition were investigated using differential scanning calorimetry (DSC) with a Diamond DSC Perkin Elmer. The materials were studied at scanning rates of 5 and 10°C/min after being encapsulated in aluminium pans. Two or more heating/cooling cycles were performed on each sample. Mesophases were assigned by their optical texture and powder X-ray diffraction studies.
The powder X-ray diffraction measurements were made on a D8 Advance diffractometer (Bruker AXS GmbH, Germany), in parallel beam setting, with monochromatized Cu-K α1 radiation (λ=1.5406 Å), scintillation detector, and horizontal sample stage. The measurements were performed in symmetric (θ-θ) geometry in the 2θ range from 1. All non-hydrogen atoms were refined with anisotropic atomic displacement parameters.
H atoms were finally included in their calculated positions. Luminescence spectra were recorded on a Fluorolog-3™ fluorescence spectrometer (FL3-22, Horiba Jobin Yvon) in solid state and employing a Jasco FP-6300 spectrofluorimeter (operating parameters:
band width -5 nm; data pitch -0.5 nm; scanning speed -100 nm/min; spectrum accumulation -3; path length -10 mm by using Quartz SUPRASIL cells) in dichloromethane solution. Variable temperature emission spectra were recorded with an OceanOptics USB4000 spectrometer attached to the microscope and using a Nikon
Intensilight excitation source. Thermogravimetric analysis was performed on a TA Q50 instrument. The heating rate employed was 10°C min -1 from room temperature (approximately 25°C).
Synthesis of Pd(II) complexes 1a-c, 2a-c
Corresponding solid N-benzoylthiourea compound (0.30 mmol) was added to a suspension of dinuclear µ-acetato-bridged palladium complexes (0.10 mmol) and K 2 CO 3 in dichloromethane (15 cm 3 ) and the mixture stirred at room temperature for 24 hours.
Evaporation of the solvent gave a yellow solids, which were purified by chromatography on silica using dichloromethane as eluant to yield the final products. They were further crystallized from a mixture of dichloromethane/ethanol (1/1) at -25ºC.
Synthesis of Pt(II) complexes 3a-c, 4
To a methanolic solution of [Pt(µ-Cl)(η 7.90 (s, br, 1H), 7.65 (d, br, 2H), 7.49-7.33 (m, 5H), 6.98 (d, J=8.5Hz, 2H), 6.90 (d, J=8.3Hz, 2H), 6.69 (d, J=8.8Hz, 2H), 6.60 (dd, 3 J=8.0Hz, ): 2955, 2929, 2856, 1605, 1583, 1541, 1507, 1473, 1422, 1311, 1296, 1247, 1167, 1109, 1034, 913, 834, 793, 768, 669, 576, 518 . H-NMR (CDCl 3 , 300 MHz): 8.11 (s, 1H), 7.92 (s, br, 1H), 7.65 (d, br, 2H), 7.49-7.33 (m, 5H), 6.98 (d, J=8.5Hz, 2H), 6.90 (d, J=8.3Hz, 2H), 6.69 (d, J=8.8Hz, 2H) ): 2957, 2922, 2853, 1600, 1585, 1540, 1504, 1472, 1416, 1313, 1236, 1209, 1165, 1108, 1031, 964, 910, 836, 789, 765, 721, 660, 623, 567, 519 . 3, 162.4, 158.5, 151.4, 149.9, 146.3, 141.7, 139.0, 132.3, 130.0, 129.9, 126.0, 124.5, 124.4, 117.2, 115.7, 115.1, 114.8, 114.6, 113.6, 70.4, 69.0, 68.7, 68.5, 68.3, 32.2, 32.1, 29.9, 29.7, 29.6, 29.5, 29.4, 29.3, 26.4, 22.9, 14.3. IR (ATR, cm -1 ): 2921, 2853, 1601, 1537, 1504, 1464, 1389, 1318, 1242, 1212, 1156, 1104, 1070, 1024, 992, 908, 852, 829, 772, 720, 668, 630, 570, 517 . 2, 160.4, 140.2, 132.4, 130.6, 124.6, 119.1, 114.9, 114.7, 113.7, 111.1, 70.7, 68.6, 68.2, 39.6, 32.0, 31.8, 30.7, 29.6, 29.5, 29.3, 26.3, 26.0, 25.9, 24.1, 23.2, 22.9, 22.8, 18.7, 14.3. IR (ATR, cm -1 ): 2956, 2925, 2858, 1603, 1581, 1537, 1503, 1459, 1405, 1296, 1239, 1198, 1163, 1103, 1029, 911, 830, 768, 719, 719, 698, 672, 561, 516 . 9, 114.7, 113.6, 111.0, 68.8, 68.3, 39.6, 32.0, 29.6, 29.5, 29.4, 29.3, 26.3, 26.2, 24.1, 23.2, 22.9, 22.8, 14.3. IR (ATR, cm -1 ): 2957, 2923, 2855, 1603, 1581, 1538, 1504, 1459, 1406, 1297, 1240, 1199, 1105, 1031, 966, 911, 831, 768, 719, 698, 673, 562, 517 . ): 2953, 2922, 2853, 1627, 1603, 1504, 1466, 1402, 1302, 1241, 1219, 1166, 1098, 1069, 975, 952, 911, 855, 828, 789, 735, 661, 633, 604, 558, 527 . 5, 158.5, 141.1, 132.7, 132.1, 130.9, 130.1, 125.0, 114.8, 114.7, 113.7, 70.6, 68.7, 68.5, 68.0, 39.5, 32.0, 31.8, 30.7, 30.6, 29.6, 29.5, 29.4, 29.2, 26.3, 25.9, 25.8, 24.0, 23.2, 22.8, 14.2. IR (ATR, cm -1 ): 2955, 2924, 2858, 1603, 1584, 1532, 1502, 1457, 1407, 1298, 1241, 1198, 1163, 1103, 1027, 911, 830, 767, 698, 673, 515 . 114. 8, 114.7, 113.7, 70.6, 68.7, 68.5, 39.5, 32.0, 31.8, 30.7, 30.6, 29.6, 29.5, 29.4, 29.2, 26.3, 25.9, 25.8, 25.7, 24.0, 23.2, 22.8, 14.2. IR (ATR, cm -1 ): 2956, 2922, 2855, 1602, 1583, 1533, 1502, 1455, 1406, 1299, 1197, 1164, 1104, 1042, 1027, 911, 831, 768, 721, 699, 631, 516 . 2, 157.6, 152.0, 149.5, 145.2, 129.8, 123.8, 122.0, 115.0, 122.0, 115.0, 112.6, 111.3, 69.2, 68.4, 31.9, 29.6, 29.5, 29.4, 29.3, 29.2, 26.1, 26.0, 22.7, 14.1. IR (ATR, cm -1 ): 2957, 2920, 2852, 1622, 1602, 1576, 1506, 1466, 1435, 1403, 1298, 1241, 1222, 1166, 1135, 1070, 854, 828, 771, 737, 722, 603, 558, 526 . ): 2958, 2920, 2853, 1622, 1602, 1586, 1536, 1427, 1299, 1197, 1164, 1104, 1042, 1028, 911, 831, 775, 721, 699, 635, 516 .
Conclusions
A novel series of Pd(II) and Pt(II) complexes based on cyclometalated imine ligands and N-benzoylthiourea (BTU) derivatives as auxiliary ligands has been prepared and their liquid crystalline properties as well as photophysical properties have been investigated.
We were able to show that comparable emission properties with other systems reported in the literature based on Schiff bases can be achieved in simpler Pt(II) systems making them interesting candidates for possible applications in electro-optical devices. Moreover, the liquid crystalline properties could be improved by replacing the alkoxy terminal groups with branched alkyl chains. In this way, the transition temperatures could be lowered and, thus, preventing the partial decomposition observed for the Pd(II) complexes with n-alkyl chains in terminal positions. Additionally, the stabilization of the smectic C phase over a relatively large temperature range found in the case of branched alkoxy derivatives could be used in the future to prepare liquid crystalline materials displaying chiral smectic C phase (SmC*). 
